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Summary
Objectives: Synovitis in knee osteoarthritis (OA) patients is a signiﬁcant risk factor for disease progression. This study aimed at developing
a magnetic resonance imaging (MRI) scoring system allowing reliable and sensitive assessment of synovitis severity in knee OA patients with-
out the use of a contrast agent.
Methods: Imaging was performed without contrast agent, using a 1.5 T and a knee coil. For the synovial membrane, the MRI exam included
two axial sequences: a T2-weighted (synovial ﬂuid) and a gradient echo (GRE) (synovial membrane). Synovial membrane thickness was mea-
sured on four regions of interest (ROI): medial and lateral recesses, and medial and lateral suprapatellar bursa, with each graded/scored from
0 to 3, for a maximum of 12. A validation study was performed on a cohort of 27 knee OA patients having MRI at baseline. A subset of 14
patients had an additional MRI acquisition and symptom assessment at Day 60. Evaluation of disease symptoms was done with Western
Ontario and McMaster Universities OA Index and visual analog scale, and of cartilage volume, menisci and subchondral bone, with MR im-
ages from a 3D spoiled gradient recalled (SPGR) sequence.
Results: The synovial membrane thickness grade was 1.9 0.5 (meanSD) with a score of 7.1 2.3. The intra-reader (r¼ 0.91) and inter-
reader (r¼ 0.82) correlation coefﬁcients were excellent (P< 0.0001). The medial compartment grade was 1.9 0.6 and score was 3.4 1.4,
and of the lateral compartment were 2.0 0.7 and 3.7 1.5, respectively. The grade and score for the suprapatellar bursa and recess were
1.8 0.7 and 3.5 1.5, and 2.1 0.5 and 3.9 0.9, respectively. No statistically signiﬁcant differences in the ROI score and grade were ob-
served between medial and lateral compartments or between recess and suprapatellar bursa. A positive correlation was found between the
global severity of synovitis at baseline and the presence of a medial meniscal extrusion (P< 0.04), and the loss of cartilage volume at 60 days
(P< 0.03).
Conclusion: This newly developed MRI technology for the assessment of synovial membrane thickness in knee OA patients was shown to be
accurate and reproducible.
ª 2008 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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The role of synovial inﬂammation in osteoarthritis (OA) is of
great interest since it has been associated not only with dis-
ease symptoms1,2 but also, according to some studies, with
the progression of cartilage lesions3,4. The exact pathophysio-
logical mechanisms that lead to synovial inﬂammation remain
largely unknown. The main hypothesis relates to a possible
link between this phenomenon and the degradation of the car-
tilage extracellular matrix macromolecules. The cartilage
matrix fragments, which are released into the joint ﬂuid, could
be detected as foreign bodies or neo-antigens by the
synovium, which triggers a secondary inﬂammation reaction5.*Address correspondence and reprint requests to: Dr Jean-Pierre
Pelletier, M.D., Director, Osteoarthritis Research Unit, University of
Montreal Hospital Centre, Notre-Dame Hospital, 1560 Sherbrooke
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S8Longitudinal studies by Ayral et al.3,4 using arthroscopy
in knee OA patients demonstrated a positive correlation
between the severity of synovitis and the degree of progres-
sion of cartilage lesions over time, particularly in the medial
femoro-patellar compartment. These latter ﬁndings are
most interesting, as they support the hypothesis that syno-
vitis is an integral part of the pathophysiological mecha-
nisms responsible for mediating OA cartilage destruction.
Recent studies by Loeuille et al.6 and Fernandez-Madrid
et al.7 have conﬁrmed that a good correlation exists
between the synovial thickness assessed by arthroscopy
and magnetic resonance imaging (MRI) and the ﬁndings
from histological examinations, thus validating that MRI
can accurately and precisely measure the degree of syn-
ovitis in the knees of OA patients. Moreover, the Loeuille
et al. method, which uses gadolinium enhancement6,
includes the possibility of evaluating the severity of synovitis
in the different knee compartments, which facilitates the as-
sessment of its role in the loss of cartilage, not only globally,
but also in each knee compartment.
S9Osteoarthritis and Cartilage Supplement 3However, a recent report issued by the Food and Drug
Administration (FDA) concerning the potentially serious
side effects related to gadolinium, particularly in older pa-
tients who constitute the great majority of OA patients, pre-
clude its routine use or use in large clinical trials. Therefore,
there is an obvious need to develop and validate a non-
invasive method of assessing the severity of synovitis reli-
ably in these patients, as there have so far been very few
studies in which such issues have been explored7,8.
The aim of the present study was to develop the most opti-
malMRI examination for visualizing the synovium in kneeOA
patients, without the use of gadolinium enhancement, and to
establish and validate a methodology to assess separately
thesynovial thickness in themedial and lateral compartments
of the knee. The sensitivity to change of the scoring system
was also investigated, as was the relationship between the
severity of synovitis and other articular structural changes,
including cartilage volume loss and subchondral bone and
meniscal lesions.Thediseasesymptomswerealsoexplored.Patients and methods
Twenty-seven patients had an MRI at baseline. These were recruited from
an outpatient rheumatology clinic in Montreal, Quebec, Canada. All had pri-
mary OA of the knee with intermittent or constant pain and signs of synovial
inﬂammation detected upon physical examination by the presence of knee
warmth and/or effusion. A subset of 14 patients had another MRI acquisition
at Day 60. All patients had arthrocentesis at baseline: the volume (ml) of the
aspirated synovial ﬂuid was quantiﬁed.
The inclusion criteria were age between 40 and 80 years, primary OA of the
medial femoro-tibial compartment of the knee diagnosed according to the clin-
ical and radiological criteria of the American College of Rheumatology (ACR)9,
and a disease severity grade of 2 or 3 based on the KellgreneLawrence radio-
graphic system10. Patients who were receiving acetaminophen or an non-
steroidal anti-inﬂammatory drug (NSAID) at baseline maintained treatment
at a stable dosage for the duration of the study.
Exclusion criteria were the presence of other rheumatic diseases that
could be responsible for secondary OA, traumatic knee lesions, metabolic
diseases, intra-articular or systemic corticosteroid use within the 3 months
preceding enrollment, class IV functional capacity based on ACR criteria11,
viscosupplement injection, arthroscopy, and aspiration or lavage of the stud-
ied knee within 6 months of the baseline visit. Also excluded were patients
with contraindication to an MRI examination or with absence of knee synovi-
tis detectable by MRI. The study was approved by the local ethics committee
and all patients gave their oral and written informed consent.KNEE MRI ACQUISITION SEQUENCESMRI examinations were conducted with a 1.5 T whole body scanner us-
ing a commercial knee coil. Synovial membrane imaging included an axial
T2 sequence (Tr/Te 6/3 ms, St/Ss 3/0 mm, Nex 2, Matrix 320px) that con-
trasts the synovial ﬂuid and an axial high-resolution T1-weighted sequence
often referred as an in-phase/out-phase sequence, GRE (Tr-In/Te-In 450/
2.6 ms, Tr-Out/Te-Out 450/6.4, St/Ss 3/0 mm, Fa 70, Nex 2, Matrix
320px) that are further merged to contrast the synovial membrane. The ac-
quisition was limited to the slices going from the bottom of the patella to
2 cm above the patella, which includes the ROI. For the assessment of
the cartilage volume, subchondral bone, and menisci, a sagittal 3D
SPGR sequence (Tr/Te 42/7 ms, St/Ss 1.5/0 mm, Fa 20, Matrix
512px)12 was used.OUTCOME MEASURESPrimary MRI outcome: synovial membrane thickness
The primary outcome was the severity of synovitis (synovial thickness) at
baseline and 60 days of follow-up as measured using MRI. The assessment
of synovial thickness was carried out in each of the four regions of interest
(ROI) of the knee: the medial and lateral synovial recesses (ROI 1 and 2,
respectively) and the medial and lateral suprapatellar bursa immediately
above the trochlea and the medial and lateral recesses of the femur (ROI
3 and 4) (Fig. 1).
The thickness of the synovial membrane was graded on the following
scale: grade 0 (normal), no thickening of the synovial membrane (almost
non-visible on MRI); grade 1, thickening up to 2 mm; grade 2, thickening be-
tween 2 and 4 mm; grade 3, thickening of more than 4 mm. The summationof the grades given in the four ROI results in a maximum global synovitis
score of 12, representing a severe and diffuse synovitis.
Secondary MRI outcomes: cartilage volume, subchondral
bone and meniscal lesions changes
Secondary outcome included changes in cartilage volume, expressed as
a mean percentage of cartilage volume loss at Day 60 relative to baseline,
according to the method previously described by Raynauld et al.12,13.
Other secondary objectives were the quantiﬁcation of the subchondral
bone marrow edema and meniscal (tear and extrusion) changes, as previ-
ously described13,14. Subchondral bone marrow edema score was deﬁned
as the sum of absence/presence of edema for each of the following knee re-
gions (medial tibial and femoral, lateral tibial and femoral, and trochlea). Ab-
sence was deﬁned as 0 and presence as 1, for a maximum score of 5 for
each patient. For meniscal lesions, the score of the medial and lateral tear
was deﬁned as the summation of the anterior, body, and posterior meniscal
tears. In each section, the presence of a tear yielded a score of 1, with a max-
imum of 3 for each meniscus (medial and lateral). The score of the medial
and lateral extrusion was deﬁned as the sum of anterior and body meniscal
extrusions. There was no posterior meniscal extrusion. A partial extrusion
yielded a score of 1 and a complete extrusion a score of 2 per meniscus,
for a maximum score of 4 for each patient.
Secondary clinical outcomes
Patients underwent clinical evaluation at baseline and at Day 60 based on
theWesternOntario andMcMaster UniversitiesOA Index (WOMAC) (pain, stiff-
ness, function and total score)15 and visual analog scale (VAS) for the degree of
pain on the day of the visit (patient pain score: 0¼ no pain; 100¼most severe
pain). Arthrocentesis was also performed on the study knee at baseline.STATISTICAL ANALYSISData were entered into a computerized database using a blinded double-
entry procedure, after which descriptive statistics for patient characteristics,
including demographics, symptom measurements, synovitis scores and as-
sociated cartilage volume, as well as subchondral bone and meniscal scores
seen on the MR images were tabulated.
The 60-day changes in synovitis scores, cartilage volume, and WOMAC
scores were also collected. All score differences between baseline and the
60-day follow-upwere assessed using a non-parametric sign test. Correlations
between the synovitis scores, for both baseline and score change at Day 60,
and cartilage volume change during the same time frame, were done using
a Spearman correlation coefﬁcient. All statistical analyses were done using
Statistica, version 7 (StatSoft, Tulsa, OK, USA). All tests were two-sided,
and a P-value 0.05 was considered statistically signiﬁcant. Analyses were
not adjusted for multiple comparisons.
ResultsPATIENT CHARACTERISTICSThe 27 patients selected represent the demographic
and disease characteristics of a general OA population
(Table IA). All patients had presence of synovial ﬂuid with
an average volume of 4.6 4.7 ml.BASELINE SYNOVIAL MEMBRANE SCORE AND OTHER MRI
CHARACTERISTICSThe assessment of all four ROI showed that the synovitis
score and grade of the cohort were well within the full spec-
trum of the scale range. Regardless of the subregion as-
sessed, the average grades and scores were fairly similar
throughout the knee, reﬂecting the relative homogeneity of
the synovitis (Table IB). Of note, all 27 patients (100%) had
the presence of a medial meniscal tear at baseline, 75%
had at least a partial meniscal extrusion, and 25%a complete
extrusion. The average bone marrow edema score was low.RELIABILITY STUDYIntra-reader reproducibilitywasassessedonMR imagesof
the 27 OA patients at baseline and about 14 days later by the
Fig. 1. Synovial membrane ROI on knee MRI. The ROI were the medial (ROI 1) and lateral (ROI 2) recesses as well as the medial (ROI 3) and
lateral (ROI 4) suprapatellar bursa.
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tween readings of an image. Reproducibility was assessed
for the total synovitis score and grade. Data (Table II) showed
an excellent intra-reader reliability of this newmethod for both
the synovitis score and grade assessments. Inter-reader re-
liability was also performed using two readers who assessed
synovitis grade and score of the same image: data (Table II)
also showed excellent correlation coefﬁcients.MRI AND SYMPTOM CHANGES AT DAY 60Table IB
Patient baseline characteristics (n¼ 27)As illustrated in Table III, the mean synovial grade and
score improved in a statistically signiﬁcant manner. Surpris-
ingly, signiﬁcant loss of cartilage volume was seen within allTable IA
Patient baseline clinical characteristics (n¼ 27)
Age (years) 64.1 9.6
Sex (N of patients)
Females 14
Males 13
BMI (kg/m2) 31.8 6.0
Weight (kg) 85.7 17.8
KellgreneLawrence grade: N and (% of patients)
Grade 2 18 (66.6%)
Grade 3 9 (33.3%)
Concomitant medication use (% of patients)
Analgesics 70.3%
NSAIDs 40.7%
Patient pain score (VAS) 65.4 19.8
WOMAC OA index
Pain 59.4 17.9
Stiffness 63.6 22.3
Function 59.9 19.9
Total index 59.8 19.0
Synovial ﬂuid per arthrocentesis (ml) 4.6 4.7
Except when indicated otherwise, values are the meanSD.
VAS (0e100 mm), WOMAC (VAS version).ﬁve knee regions studied. All three parameters of the WO-
MAC questionnaire improved, with pain and the total index
reaching statistical signiﬁcance. The bone marrow edema
lesion size signiﬁcantly increased over time.CORRELATION BETWEEN SYNOVITIS SCORE AND OTHER
PATIENT CHARACTERISTICS AT BASELINEThe synovitis score was compared to the other clinical
and MR parameters to assess any links between the syno-
vial membrane pathology and other tissues of the kneeTotal synovitis grade (0e3) 1.92 0.52
Total synovitis score (0e12) 7.11 2.29
Synovitis grade for selected subregions (0e3)
Medial compartment (ROI 1 and 3) 1.87 0.58
Lateral compartment (ROI 2 and 4) 1.98 0.67
Articular recess (ROI 1 and 2) 1.80 0.68
Suprapatellar bursa (ROI 3 and 4) 2.05 0.50
Synovitis score selected subregions (0e6)
Medial compartment (ROI 1 and 3) 3.41 1.37
Lateral compartment (ROI 2 and 4) 3.70 1.46
Upper ROI (ROI 1 and 2) 3.50 1.53
Lower ROI (ROI 3 and 4) 3.88 0.86
Cartilage volume (mm3)
Global 10,329 2812
Medial compartment 4269 1226
Lateral compartment 6059 2001
Weight-bearing femoral condyle 594 197
Weight-bearing tibial plateau 588 257
Presence of medial meniscal tear 100%
Presence of medial meniscal anterior extrusion 50%
Presence of medial meniscal body extrusion 75%
Presence of complete medial meniscal extrusion 25%
Bone edema score (0e5) 1.33 1.05
Except when indicated otherwise, values are the meanSD.
ROI (see Fig. 1).
Table II
Reliability study (n¼ 27)
r P-value
Intra-reader correlation coefﬁcient*
Total synovitis score (0e12) 0.92 <0.0001
Total synovitis grade (0e3) 0.91 <0.0001
Inter-reader correlation coefﬁcient
Total synovitis score (0e12) 0.86 <0.0001
Total synovitis grade (0e3) 0.82 <0.0001
Spearman correlation coefﬁcient with corresponding P-value.
*Two readings of the same MR acquisitions done 14 days apart.
Table IV
Correlation between synovitis score and other patient characteris-
tics at baseline* (n¼ 27)
Correlation
coefﬁcient
P-Value
Cartilage volume (mm3)
Global 0.21 0.32
Medial compartment 0.32 0.12
Lateral compartment 0.09 0.64
Weight-bearing femoral condyle 0.13 0.53
Weight-bearing tibial plateau 0.12 0.57
Presence of medial meniscal tear 0.00 1.00
Presence of medial meniscal anterior
extrusion
0.37 0.07
Presence of medial meniscal body
extrusion
0.42 0.04
Bone edema score 0.07 0.73
Patient pain score (VAS) 0.11 0.60
WOMAC OA index improvement
Pain 0.13 0.95
Stiffness 0.39 0.75
Function 0.19 0.36
S11Osteoarthritis and Cartilage Supplement 3(Table IV). No clear association was found between greater
synovitis at baseline and cartilage volume. However, an
interesting association was found between a greater syno-
vitis score and the presence of meniscal extrusion. There
is an absence of correlation between the synovitis score
and patient symptoms or the concomitant amount of
synovial ﬂuid aspirated from the knee. No additional
information was found by using the synovitis grade or
each ROI (data not shown).Total index 0.17 0.49
Synovial ﬂuid (arthrocentesis; ml) 0.05 0.80CORRELATION BETWEEN SYNOVITIS SCORE AT BASELINE
AND CHANGES IN MRI AND CLINICAL PARAMETERS AT DAY 60*Spearman correlation.
Table V
Correlation between synovitis score at baseline and changes in
MRI and clinical parameters at Day 60* (n¼ 14)As illustrated in Table V, statistically signiﬁcant associa-
tions were found between the synovitis score at baseline
and the percentage of progression of cartilage volume
loss for the global knee, medial compartment and the
weight-bearing area of the tibial plateau, with a trend for
the weight-bearing femoral condyle. These statistical corre-
lations were not found when using the absolute value of
cartilage volume loss, stressing the importance of using
the percentage cartilage loss when assessing clinical rele-
vance. Considering the relatively small cohort, the strength
of this association likely reﬂects a synovial inﬂammatory
response as a predictor of subsequent cartilage volume
loss. No correlation was, however, found between the
synovitis score and patient symptom changes as assessed
by the WOMAC questionnaire and VAS. Again and as
above, these statistical correlations were found only when
using the synovitis grade.Table III
MRI and symptoms changes at Day 60 (n¼ 14)
P-Value*
Total synovitis grade change (0e3) 0.52 0.76 0.023
Total synovitis score change (0e12) 1.42 2.10 0.025
Cartilage volume change (mm3)
Global 1004 355 <0.0001
Medial compartment 603 230 <0.0001
Lateral compartment 401 207 <0.0001
Weight-bearing femoral condyle 103 71 <0.0001
Weight-bearing tibial plateau 74 49 <0.0001
Bone edema score change (0e5) 0.57 0.75 0.014
WOMAC OA index change
Pain 13.5 21.9 0.038
Stiffness 13.8 27.2 0.079
Function 10.6 19.4 0.061
Total index 11.1 18.6 0.044
Except when indicated otherwise, values are the meanSD.
*Non-parametric sign test.Discussion
Results of the present study provide, for the ﬁrst time,
evidence that a non-invasive MRI technology can accu-
rately assess the degree of OA synovial thickness/synovi-
tis in major compartments of the knee. Data were as
precise and reliable as those reported from previous stud-
ies using gadolinium enhancement1,2,6e8. Furthermore,
the scoring system was also found to be sensitive enough
to estimate changes in the severity of synovitis over time.Coefﬁcient correlation P-Value
Cartilage volume loss (mm3)
Global 0.10 0.64
Medial compartment 0.19 0.36
Lateral compartment 0.03 0.88
Weight-bearing femoral condyle 0.15 0.46
Weight-bearing tibial plateau 0.25 0.23
Cartilage volume loss (%)
Global 0.58 0.03
Medial compartment 0.60 0.02
Lateral compartment 0.27 0.33
Weight-bearing femoral condyle 0.50 0.06
Weight-bearing tibial plateau 0.61 0.02
Bone edema score 0.04 0.83
Patient pain score (VAS) 0.01 0.93
WOMAC OA index improvement
Pain 0.07 0.71
Stiffness 0.10 0.63
Function 0.20 0.34
Total index 0.16 0.44
*Spearman correlation.
S12 J.-P. Pelletier et al.: Non-invasive assessment of synovitis in knee OA patients using MRIOther novel and important ﬁndings from this study are the
predictive value of the severity of synovitis score on the
progression of cartilage volume loss over time and the cor-
relation established between the meniscal extrusion and
the synovitis.
The MRI sequences of the synovium developed in our lab-
oratories provide an optimal visualization of both the medial
and lateral compartments of the OA knee, where the most
clinically relevant structural changes take place. We se-
lected four ROI, two in each compartment, which were the
most representative and would provide a consistent reading
over time. Our data related to the synovitis grade and score
were very similar to those reported from other laboratories,
the studies of which used contrast agent enhancement2,6,8
and showed a moderate degree of synovitis. Interestingly,
the synovitis grade and score were rather evenly distributed
in the two knee compartments. This contrasts with the gen-
eral perception that knee OA synovial inﬂammation is irreg-
ularly distributed, but, in turn, corroborates the ﬁndings of
a previous study6.
Another emerging ﬁnding was the demonstration that the
scoring system accurately assesses the changes in syno-
vitis severity over time. This was found for both the grade,
which measured the mean degree of synovitis in the ROI,
and the total score, measuring the total score in all four
ROI, therefore indicating that both local and global
changes can be assessed accurately. This is of the utmost
importance, not only for the follow-up of patients over time,
but also for the evaluation of a drug’s effects. In this con-
text, this synovial membrane scoring system allows the
study of a possible relationship between synovitis and
other articular structural changes, such as the loss of car-
tilage volume. Additionally, this synovial membrane scor-
ing system not only permits individual evaluation of the
degree of synovitis in the two tibio-femoral compartments,
which is another signiﬁcant advantage, but provides
a more comprehensive evaluation compared to those
which concentrate mainly on the tibio-patellar
compartment1,2.
Interestingly, the signiﬁcant reduction in the synovitis
grade and score over time was also associated with a de-
crease in the WOMAC scores (Table III), indicating
a possible relationship between these two parameters,
which could be more meaningful than the baseline observa-
tion. A possibility also exists that these changes could be
explained by the arthrocentesis done at baseline, as this
procedure is known to be effective in reducing the
symptoms in knee OA patients. These ﬁndings obviously
need to be validated in a larger study.
The positive correlation found at baseline between the
severity of synovitis and the presence of a medial meniscal
extrusion clearly establishes for the ﬁrst time that in vivo the
mechanical derangement created by such phenomenon
has an impact on the biology of the OA tissues and, more
speciﬁcally, on the level of synovial inﬂammation.
Results from this study also showed that there was a pos-
itive correlation between the global degree of synovitis at
baseline and loss of cartilage volume over the period of
60 days of follow-up for the global knee and for the medial
compartment. These ﬁndings agree with those of Ayral
et al.4 using arthroscopic evaluation of knee OA structural
changes as well as the recent report of Mazie`res et al.16
in hip OA patients. Since the follow-up period was very
short, a deﬁnitive study involving a larger number of patients
over an extended period of time should be carried out
before reaching a ﬁnal conclusion.In summary, this new non-invasive synovial thickness
scoring system using MR images was demonstrated to
accurately and reliably assess the severity of synovitis
in knee OA patients. It is also the ﬁrst system to enable
a correlation between the severity of synovitis and the
loss of articular cartilage using MRI. Moreover, it has al-
lowed us to ascertain the likely role played by meniscal
extrusion in the induction of synovitis. Altogether, these
ﬁndings provide an explanation to our previous studies
showing the role of meniscal extrusion as a major risk
factor for rapid disease progression (cartilage loss) in
knee OA patients13,14.
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